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The SOM plays an important role in a wide range of soil properties and processes such as 2 soil structure (Oades 1993), water relations (Lado et al. 2004 ) and cation exchange 3 capacity (Smettem et al. 1992 ). Improving SOM levels helps to maintain nutrient 4 availability and agricultural sustainability as well as to improve carbon sequestration in 5 order to mitigate CO 2 emissions to the atmosphere. Recently, Freibauer et al. (2004) 6 reviewed numerous strategies for increasing soil carbon stocks, identifying the 7 environmental side effects and impacts on farm income for each strategy. Two of these 8 practices were the intensification of cropping systems and the reduction of tillage 9 intensity. 10
Intensification of cropping systems increases the amount of carbon returned to the soil 11 through a reduction of the bare fallow duration. In the semiarid Great Plains of North 12 America, Halvorson et al. (2002) reported more than 27% greater annual carbon return to 13 the soil from a continuous wheat system as compared with a fallow-wheat rotation. 14 Similar studies have concluded that a reduction of the fallow period is associated with 15 greater residue production and, therefore, with an increase in SOC content (Campbell et 16 al. 1995; Potter et al. 1997; McConkey et al. 2003) . 17 Tillage, in particular mouldboard ploughing, contributes to the mixing of fresh crop 18 residues with soil thus modifying soil profile characteristics (e.g., aeration, moisture and 19 temperature regimes) and promoting soil microbial activity (Reicosky et al. 1995; 20 Paustian et al. 1998). Also, tillage continually exposes soil to wetting/drying and 21 freeze/thaw cycles at the surface, making aggregates more susceptible to break down (Six 22 a 8-mm sieve. The sieved soil was air dried and stored at room temperature. A soil 1 subsample was taken from 0-5, 5-10 and 10-20 cm soil depths and analyzed for total SOC 2 concentration. At the same time, four undisturbed soil cores (height 51 mm, diameter 50 3 mm, volume 100 cm 3 ) were taken per plot and soil depth for soil dry bulk density 4 determination. 5
Aggregate size separation was performed by a wet sieving method adapted from Elliot 6 (1986). Briefly, 100-g air-dried (8 mm sieved) soil sample was placed on the top of a 7 2000-µm sieve and submerged for 5 min in deionized water at room temperature. Sieving 8 was manually done by moving the sieve up and down 3 cm, 50 times in 2 min in order to 9 achieve aggregate separation. A series of three sieves (2000, 250 and 53 µm) was used to 10 obtain four aggregate fractions: i) >2000-µm (large macroaggregates), ii) 250 to 2000-µm 11
(small macroaggregates), iii) 53 to 250-µm (microaggregates), and iv) <53-µm (silt-plus 12 clay-size particles). Aggregate fractions were oven dried (50 ºC), weighed and stored in 13 glass jars at room temperature (21 ºC). Sand correction was performed in each aggregate 14 size class because sand was not considered part of those aggregate (Elliot et al. 1991) . 15
Sand-corrected aggregate size classes were expressed as: 16
Sand-corrected aggregate size class (% w/w) = 17 [ 
1] 18 19
Separation of free light fraction, LF, (POM, occurring between aggregates) and iPOM 20 (POM occurring within aggregates) was performed according to Six et al. (1998) . Briefly, 21 free LF was isolated by density flotation by placing aggregate fractions in 35 mL of 1 concentrations between the wet oxidation and the dry combustion methods. In the 1 Experiment 1, total C content of each isolated SOM fractions was measured by dry 2 combustion, on a LECO CHN-1000 analyzer (Leco Corp., St. Joseph, MI). During the 3 dry combustion procedure organic C is oxidized to CO 2 and carbonates are decomposed. 4
Because of the presence of carbonates in the soil samples used in this experiment, 5 inorganic carbon (IC) content of each fraction was determined in order to calculate 6 organic carbon as: 7
Organic carbon = Total carbon (from dry combustion) -Inorganic carbon
[2] 8
The IC content was measured by the modified pressure-calcimeter method (Sherrod et al. 9
2002). The C concentrations for free LF from the Experiment 1 and the total 10 microaggregate-associated C (total mM-C) from the Experiment 2 were determined on a 11
Carlo Erba NA 1500 CN analyzer (Carlo Erba, Milan, Italy) due to the smaller sample 12 sizes. 13
The mineral associated soil organic C (mSOC) concentration from the Experiment 1 was 14 determined by difference between total aggregate C and particulate organic matter C (free 15 LF and iPOM-C): 16 mSOC = total aggregate C -(free LF-C + iPOM-C)
[3] 17
18
The C concentration of each SOM fraction was expressed on a sand-free basis due to the 19 fact that sand particles do not specially contribute to the dynamics of soil organic matter 20 Data were analyzed using the SAS statistical package (SAS Institute 1990). In 2 Experiment 1, the effects of tillage, cropping systems and each interaction were tested 3 with variance analyses (ANOVA). Interactions were tested with the PDIFF option of the 4 LSMEANS statement. In Experiment 2, ANOVA analyses for each site were also made 5 and differences between tillage treatments were tested with Duncan's multiple range test. 6 7
RESULTS

8
Total soil organic carbon content 9
In three sites and in both cropping systems at PN (PN-BB and PN-BF), total SOC content 10 was significantly greater under NT than CT in the 0-to 5-cm depth. In the PN-BB system 11 greater SOC in NT compared with CT was also observed in the 5-to 10-cm layer. 12
However, in the PN-BF rotation and at SV and AG no significant differences between 13 tillage systems were observed in the 5-to 10-cm layer (Table 2) . Similar SOC contents 14 were observed between tillage systems in the 10-to 20-cm depth. In the 0-to 20-cm 15 interval, differences between tillage systems were only found in the PN-BB system with 16 greatest SOC under NT (Table 2) . Differences between cropping systems were only 17 observed in the NT treatment for the 0-to 5-cm layer where greater SOC was found in 18 the PN-BB system compared with the PN-BF rotation (Table 2) . 19
In the 0-20 cm depth, in an equivalent mass basis although differences between tillage 20 systems decreased, greater SOC was measured under NT than under CT in the PN-BB, 21 PN-BF and AG. At SV, SOC kept similar between NT and CT (Table 2) . 22 similar trend among cropping systems and tillage systems. Microaggregates (53-250 µm) 3 accounted for more than 50% of the total soil and were the predominant water-stable size 4 class in both cropping systems and tillage treatments (Fig. 1) . The silt and clay fraction 5 (<53 µm) were similar among tillage treatments and soil depth (Fig. 1) . The proportion 6 of microaggregates was lower in NT compared with CT and RT in the 0-5 cm depth in 7 both cropping systems and in the 5-10 cm in the PN-BB system (Fig. 1) . 8
Both large and small macroaggregates (>2000 µm and 250-2000 µm, respectively) 9 accounted for the lowest proportion of aggregates with less than 40% of the total dry soil 10 mass ( Fig. 1 and Table 3 ). However, in all the four sites studied greater proportion of 11 large and small macroaggregates were found in NT compared with CT in the 0-5 cm 12 depth except for the small macroaggregates fraction at SV ( Fig. 1 and Table 3 ). In the 5-13 10 cm depth, small macroaggregates were greater in NT compared with CT at PN-BB 14 and AG ( Fig.1 and Table 3 ). At SV, greater large macroaggregates were found in NT 15 compared with CT in all the soil depths ( Table 3 ). The amount of large macroaggregates 16 at the CT treatment of AG and PN-BB was small and negligible. 17
Differences in aggregate size-distribution between cropping systems were only found in 18 soil surface (0-5 cm) and in NT. Greater proportion of large macroaggregates and silt and 19 clay fraction and lower proportion of microaggregates was observed in the PN-BB 20 system compared with the PN-BF rotation (Fig. 1) . 21
22
Aggregate-associated carbon concentrations
In the PN-BB system, total aggregate C concentration of the small macroaggregates 1 differed in the order NT > RT > CT for the 0-5 cm depth (Fig. 2) . In the same cropping 2 system, microaggregate C concentration under NT was greater than under CT and RT in 3 the 0-5 cm depth. However, below 5 cm depth no differences in total aggregate C 4 concentrations were observed in this cropping system (Fig. 2) . Not enough stable large 5 macroaggregates (>2000 µm) were obtained from the wet sieving procedure at PN-BB 6 and PN-BF for total aggregate C determination and subsequent SOM fractionation (Fig.  7 2). 8
In the PN-BF rotation, similar total aggregate C concentration among tillage treatments 9 was observed in all the soil layers except in the 0-5 depth where greater microaggregate C 10 concentration was observed in NT and CT compared with RT (Fig. 2) . 11
Differences between cropping system were found in the 0-5 and 5-10 cm depths in the 12 NT treatment where greater total macroaggregate and microaggregate C concentrations 13 were observed in the PN-BB system compared with the PN-BF rotation (Fig. 2) . 14 In the 0-5 cm depth, neither coarse iPOM C (250-2000 µm) from small macroaggregates 15 (250c) nor microaggregate iPOM C (53f) were affected by tillage in either cropping 16 systems (Fig. 3) . However, in both cropping systems, the fine iPOM C (53-250 µm) 17 concentration of the small macroaggregates (250f) decreased among tillage treatments in 18 the following order: NT > RT > CT (Fig. 3) . 19
In the 5-10 cm and 10-20 cm depths, no differences were observed among tillage 20 treatments in any iPOM C size fraction and in any cropping systems (Fig. 3) . 21
Differences between cropping systems were found in the soil surface (0-5 cm) in the NT 22 treatment where greater coarse and small iPOM C concentrations of the small 23 macroaggregates were observed in the PN-BB system compared with the PN-BF rotation 1 (Fig. 3) . 2
In the PN-BB system, greater mineral-associated carbon (mSOC) was observed in NT 3 compared with RT in the microaggregates in the 0-5 cm depth (Fig. 4) . Below 5 cm 4 depth, no differences in mSOC were observed in the PN-BB system. The exception was 5 observed in the 10-20 cm depth where greater mSOC was measured under NT than under 6 RT ( Fig. 4) . In the PN-BF rotation, no differences in mSOC among tillage treatments 7
were observed in any soil depth. No differences were observed in mSOC between 8 cropping systems in any soil depth ( In all the three sites, greater total microaggregate C isolated from small macroaggregates 8 (total mM-C) was observed in NT compared with CT for the 0-5 cm depth. However, 9 similar total mM-C was observed between NT and CT for both 5-10 cm and 10-20 cm 10 depths (Table 6) . formation within macroaggregates formed around fine iPOM and to a long-term 8 stabilization of SOC occluded in these microaggregates. However, in our study, 9 significantly greater proportion of microaggregates within macroaggregates in NT 10 compared with CT was only observed in one (AG) of the three sites studied and only in 11 soil surface (0-5 cm depth). Although no significant differences were found at SV and 12 PN-BB slightly greater proportion of microaggregates was also found in the NT treatment 13 especially at SV. Consequently, in these Mediterranean agroecosystems the concept of 14 slower macroaggregate turnover in NT compared with CT, leading to greater formation 15 of microaggregates within macroaggregates, may also be applicable. under irrigation. They suggested that because tillage was used in both farming systems, it 10 had an overriding effect on soil aggregation. In our study, more stable large 11 macroaggregates in PN-BB compared with PN-BF were only found under NT plots in the 12 0-to 5-cm depth. At the same time, macroaggregate C concentration and iPOM C was 13 greater under NT in the PN-BB system than under the PN-BF rotation. 14 Interaction effects between tillage and cropping system were only found for total SOC 15 and macroaggregate C concentration in the first 5 cm depth. We hypothesized that the 16 large differences found in SOC in soil surface between tillage treatments and cropping 17 systems led to an interaction effect between the two factors. However, these differences 18 disappeared with soil depth and consequently the interaction effects as well. 19
Consequently, in these agroecosystems, the response of total SOC and total C 20 concentration of aggregates to tillage in soil surface generally depends on the cropping 21 system considered. 22 5  1317a  932a  --1454a  666b  5-10  1526a  782a  --1436a  629b  10-20  1522a  1322a  --1530a  1305a  0-20  -3037a  --- 
